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This 1997 NRL Review introduces you to the Naval Research Laboratory - the
Navy's Corporate Laboratory - and focuses on research highlights from fiscal year
1996. In addition, it presents the special honors awarded to NRL employees and
describes the programs available to NRL and non-NRL employees. This publication
offers an exchange of information among scientists, engineers, scholars, and manag-
ers, and it is used as a recruiting tool.

As you read the NRL Review, you will become even more aware that the Naval
Research Laboratory comprises a dynamic team of scientists, engineers, and support
personnel working together to promote the programs that will continue to foster
discoveries and scientific advances for the Navy of the future.

General information on the research described in this NRL Review may be obtained from the Public
Affairs Office, Code 1230, (202) 767-2541. Information concerning Technology Transfer is available
from Dr. Richard Rein, head of the Technology Transfer Office, Code 1004, (202) 767-7230. The
sources of information on the various nonresearch programs at NRL are listed in the chapter entitled
"Programs for Professional Development."

For additional information about NRL, the Fact Book lists the organization, key personnel, and major
facilities for each division. Further, it contains information about Laboratory funding, programs, and field
sites. A copy of the Fact Book may be obtained by contacting the Technical Information Division,
Publications Branch, Code 5230, (202) 767-2782.

NRL's URL: http://www.nrl.navy.mil/
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The Navy Unit Commendation

'997
NRL

Review
The Navy Unit Commendation was awarded by The Honorable John H. Dalton, Secretary
of the Navy, jointly to the military and civilian personnel of NRL and its parent organiza-
tion, the Office of Naval Research. The award was presented for "unparalleled research
and development that significantly contributed to the technological capabilities of cur-
rent and future Naval forces" during the period January 1992 through July 1996. This
award, an unusual distinction for an acquisition activity, further states they "have devel-
oped programs that have shaped every aspect of our Naval forces today and are defining
the Navy and Marine Corps of the future." Further, they "consistently ensured that the
Department of the Navy is at the forefront of scientific knowledge, technology develop-
ment, and application."

Naval Research Laboratory
Washington, DC 20375-5320
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NRL
THE NAVY'S

CORPORATE LABORATORY

Mission
To conduct a broadly based multidisciplinary program
of scientific research and advanced technological de-
velopment directed toward maritime applications of
new and improved materials, techniques, equipment, __-

systems, and ocean, atmospheric, and space sciences
and related technologies.

The Naval Research Laboratory provides

* primary in-house research for the physical,
engineering, space, and environmental sciences;

* broadly based exploratory and advanced de-
velopment programs in response to identified and an-
ticipated Navy needs:

* broad multidisciplinary support to the Naval
Warfare Centers,

* space and space systems technology devel-
opment and support.
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Reflections .......

from the Commanding Officer,

take a somewhat longer term view with respect to

the scientific and technical needs of the Depart-

ment of the Navy. And we have certainly enjoyed

the continuous, sustained support of our parent

command, the Office of Naval Research, during its
past 50 years. Others might suggest that our strong

presence in Washington, DC, has historically kept

us close to the requirements decision makers.

CAPT BruceW. Buckley USN Certainly the quality of the entire workforce and,

in particular, the established stature and credibility

of our scientists and engineers have been signifi-
cant factors. And we most often point to the

collocation of experts in so many different disci-

plines that defines the broad-based, multi-
disciplinary nature of the Laboratory. But perhaps

the one most continuous and compelling attribute

ne of the questions that the Command- critical to that success has been the long history of

ing Officer and the Director of Research collocation of a strong basic research program

are most often asked to respond to is: with a strong applied research program. This
why has NRL been so consistently effective as a arrangement of sound research being conducted in

military research laboratory over its nearly 75-year a very practical atmosphere has been a key ingre-

history? Obviously there are many contributing dient in all of the great achievements of the

factors. Some would suggest that our reporting Laboratory, whether it be the Laboratory's early

chain to the Secretary of Navy has allowed us to and seminal work on HF propagation, or its
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and the Director of Research,

discovery of radar, or its key contributions to what
is now the Global Positioning System, or its recent

contributions in the area of electronic combat.

These contributions would not have occurred had
NRL been just a basic research laboratory or had it

been just a development laboratory. It has been the

collocation not simply of a multidisciplinary

workforce, but of a spectrum of work, which
ranged from the very basic to the very applied, that

has been key to the Laboratory's success. The

applied work has provided a significant driver
with respect to what basic research should be

done. On the other hand, the basic work has

enabled possibilities not envisioned by the applied
programs. These extremes of basic research and

applied programs often find themselves in compe-

tition with one another, for resources, for we not lose sight of what has made NRL a great
management's attention, or for exposure. In many military research laboratory. The ultimate size of

ways, the real job of NRL management is to NRL must, of course, depend upon the needs of
ensure that neither of these extremes ever prevails the Department of the Navy and the Department of
against the other. Were this to happen, the well Defense. Whatever that size turns out to be, it must
stream that has been NRL would dry up. It is include a healthy mix of applied work and basic
important as we move through the next few years work if the Laboratory is to retain its historical

and adjust to the realities of reduced resources that productivity.
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NRL - Our Heritage

Today, when government and science seem The War Years and Growth: Total employ-
inextricably linked, when virtually no one questions ment at the Laboratory jumped from 396 in 1941
the dependence of national defense on the excel- to 4400 in 1946, expenditures from $1.7 million
lence of national technical capabilities, it is note- to $13.7 million, the number of buildings from 23
worthy that in-house defense research is relatively to 67, and the number of projects from 200 to
new in our Nation's history. The Naval Research about 900. During WWII, scientific activities
Laboratory (NRL), the first modern research necessarily were concentrated almost entirely on
institution created within the United States Navy, applied research. New electronics equipment -
began operations in 1923. radio, radar, sonar - was developed. Countermea-

sures were devised. New lubricants were produced,
Thomas Edison's Vision: The first step came as were antifouling paints, luminous identification

in May 1915, a time when Americans were deeply tapes, and a sea marker to help save survivors of
worried about the great European war. Thomas disasters at sea. A thermal diffusion process was
Edison, when asked by a New York Times corre- conceived and used to supply some of the 235U
spondent to comment on the conflict, argued that isotope needed for one of the first atomic bombs.
the Nation should look to science. "The Govern- Also many new devices that developed from
ment," he proposed in a published interview, booming wartime industry were type tested and
"should maintain a great research laboratory .... In then certified as reliable for the Fleet.
this could be developed.. .all the technique of mili-
tary and naval progression without any vast ex- NRL Reorganizes for Peace: Because of the
pense." Secretary of the Navy Josephus Daniels major scientific accomplishments of the war years,
seized the opportunity created by Edison's public the United States emerged into the postwar era
comments to enlist Edison's support. He agreed determined to consolidate its wartime gains in
to serve as the head of a new body of civilian ex- science and technology and to preserve the work-
perts - the Naval Consulting Board - to advise ing relationship between its armed forces and the
the Navy on science and technology. The Board's scientific community. While the Navy was establish-
most ambitious plan was the creation of a modern ing its Office of Naval Research (ONR) as a liaison
research facility for the Navy. Congress allocated with and supporter of basic and applied scientific
$1.5 million for the institution in 1916, but war- research, it was also encouraging NRL to broaden
time delays and disagreements within the Naval its scope and become, in effect, its corporate re-
Consulting Board postponed construction until search laboratory. There was a transfer of NRL to
1920. the administrative oversight of ONR and a parallel

The Laboratory's two original divisions - shift of the Laboratory's research emphasis to one
Radio and Sound - pioneered in the fields of high- of long-range basic and applied investigation in a
frequency radio and underwater sound propaga- broad range of the physical sciences.
tion. They produced communications equipment, However, rapid expansion during the war
direction-finding devices, sonar sets, and perhaps had left NRL improperly structured to address long-
most significant of all, the first practical radar term Navy requirements. One major task -
equipment built in this country. They also per- neither easily nor rapidly accomplished - was
formed basic research, participating, for example, that of reshaping and coordinating research. This
in the discovery and early exploration of the was achieved by transforming a group of largely
ionosphere. Moreover, the Laboratory was able autonomous scientific divisions into a unified
to work gradually toward its goal of becoming a institution with a clear mission and a fully coordi-
broadly based research facility. By the beginning nated research program. The first attempt at
of World War II, five new divisions had been added: reorganization vested power in an executive
Physical Optics, Chemistry, Metallurgy, Mechanics committee composed of all the division superinten-
and Electricity, and Internal Communications. dents. This committee was impracticably large, so
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THE NAVAL RESEARCH LABORATORY

in 1949, a civilian director of research was named Navy center for research in ocean and atmospheric
and given full authority over the program. Positions sciences, with special strengths in physical ocean-
for associate directors were added in 1954. ography, marine geosciences, ocean acoustics.

marine meteorology, and remote oceanic and
The Breadth of NRL: During the years since atmospheric sensing. The expanded Laboratory is

the war. the areas of study at the Laboratory have focusing its research efforts on new Navy strategic
included basic research concerning the Navy's interests and needs in the post-Cold War world.
environments of Earth, sea, sky, and space. Although not abandoning its interests in blue-water
Investigations have ranged widely from monitoring operations and research, the Navy is also focusing
the Sun's behavior to analyzing marine atmo- on defending American interests in the world's
spheric conditions to measuring parameters of littoral regions. NRL scientists and engineers are
the deep oceans. Detection and communication working to give the Navy the special knowledge
capabilities have benefitted by research that has and capabilities it needs to operate in these waters.
exploited new portions of the electromagnetic With the conclusion of the Cold War and the
spectrum, extended ranges to outer space, and rivalries that characterized it, new opportunities for
provided a means of transferring information international cooperation have multiplied. The
reliably and securely, even through massive jam- Naval Research Laboratory has become a leader
ming. Submarine habitability, lubricants, shipbuild- in this regard. This year saw a joint NRL/Russian/
ing materials, fire fighting, and the study of sound Norwegian research expedition aboard the Russian
in the sea have remained steadfast concerns, to oceanographic vessel Professor Logachev. Mem-
which have been added recent explorations within bers of the Marine Physics Branch of NRL's
the fields of virtual reality, superconductivity, and Marine Geosciences Division joined Russian and
biomolecular science and engineering. Norwegian scientists and engineers to explore

The Laboratory has pioneered naval research geological and geophysical characteristics of the
into space from atmospheric probes with captured Eurasian continental margin and the Knipovich
V-2 rockets through direction of the Vanguard Ridge Valley in the Norwegian-Greenland Sea area.
project - America's first satellite program - to A mud volcano, discovered by a joint 1995 NRL/
involvement in such projects as the Navy's Global Norwegian expedition, was now charted in detail.
Positioning System. Today NRL is the Navy's lead The American/Russian expedition produced a
laboratory in space systems research, fire research, detailed volcanic sonar image, pictures of icelike
tactical electronic warfare, microelectronic devices, methane hydrates on the sea floor, and evidence
and artificial intelligence, for both methane and a temperature anomaly in

The consolidation in 1992 of NRL and the the water column above the volcano - the last
Naval Oceanic and Atmospheric Laboratory, with a phenomenon previously unknown for a warm
centers at Bay St. Louis. Mississippi, and Mon- seep.
terey, California. added critical new strengths to On the other side of the physical spectrum,
the Laboratory. NRL now is additionally the lead NRL space scientists and engineers were also

active this last year. Laboratory astronomers, using
the Hubble Space Telescope, detected five optical
companion stars orbiting millisecond pulsars. Only
two other such systems are known, and three of
the companions are among the coolest and oldest
white dwarf stars known. Interpretation of the
properties of these systems may eventually help
set limits on the age of the Milky Way galaxy.

NRL's Trapped Ions in Space (TRIS) detector
flew aboard the NASA space shuttle mission STS-
76. The TRIS measured a recently discovered belt
of energetic cosmic ray nuclei trapped in Earth's
magnetic field. This work will eventually help to
quantify radiation hazards in space. In related

Former Secretary of the Navy, Charles Edison, speaking at the research, an international group of space scientists.
dedication of the bust of his father, Thomas Alva Edison, at the including NRL's Dr. Guenter Brueckner, used
Naval Research Laboratory, on December 3, 1952. observations from the Laboratory's Large Angle

4



THE NAVAL RESEARCH LABORATORY

gravity-gradient dynamics and survivability of a

tethered system in space. The satellite was de-
ployed on June 20 in a circular orbit at an altitude
of 1022 km.

In the area of environmental sensing, scientists
in NRL's Chemistry Division have made progress
toward developing a high-sensitivity biosensor for
monitoring airborne or waterborne contaminants.
The Force Amplified Biological Sensor (FABS) uses
ultrasensitive force transducers to detect molecular
recognition forces between DNA molecules, metal
ions-chelators, antibodies-antigens, or other ligand-
receptor molecules. The transducers are sensitive

Dr. Peter Vogt, Marine Geosciences Division, presents ecepto detes. The rasders a sie

an NRL plaque to Captain Alexander Arutyunov of the enough to detect the forces between a single pair
Russian research vessel Professor Logachev after a of molecules. In additional sensor research, re-
research trip to the Norwegian Sea. searchers at the Center for Bio/Molecular Science

and Engineering have developed an antibody-based
sensor that can detect explosives at very low levels.

Spectro Coronagraph (LASCO) to make the first The NRL sensor can be used on site and produces
detections of global, short-term disturbances in results comparable to laboratory analyses.
the solar corona. The disturbances often produce Researchers in the Laboratory's Navy Technol-
massive effects on Earth's magnetosphere. The ogy Center for Safety and Survivability have made
LASCO is a detector on board the European Space progress in the search for nontoxic, inexpensive,
Agency/National Aeronautics and Space Adminis- biodegradable deicing compounds for jet fuels and
tration Solar and Heliospheric Observatory. wing deicing. Laboratory research has shown that

LASCO was also used this year to make acetals and ketals of reduced sugars represent safe,
observations for the first time of a long orbital viable alternatives to the commonly used glycol-
period comet. The comet Hyakutake was within based additives. The latter are toxic at the concen-
the LASCO's field of vision between April 29 and trations required for effective deicing and present
May 6. Hyakutake showed three distinct tails, one hazards to both service personnel and the environ-
of which remained aligned with the orbital plane. ment.
LASCO also observed the steady diminution of the In the field of radar, a collaborative effort
comet over 4 days, showing its interaction with the between NRL's Plasma Physics and Radar Divi-
solar wind. sions has produced a multipurpose microwave

Another NRL astronomical detector, the beam director by the name of Agile Mirror. It
Oriented Scintillation Spectrometer Experiment consists of a smooth plasma sheet formed in a low-
(OSSE), on board NASA's Compton Gamma Ray pressure chamber by a gas discharge. The plasma
Observatory, also made important observations acts like a conducting metal sheet to microwaves. It
this year. The OSSE observed the eruption of an is possible to turn the mirror on and off repeatedly
entirely new X-ray source near the center of our and very rapidly and to change the orientation of
galaxy. The new X-ray pulsar has been officially the mirror between pulses. Multiple high-power
named GROJ1744-28. It is pulsating at half- microwave sources with the same or different
second intervals, with bursting rates ranging from frequency could use a single Agile Mirror beam
20 bursts per hour soon after its discovery to a director. A potential benefit of the mirror is that a
later rate of one or two per hour. This is the first radar system might apply it to follow many targets
time that pulsing and bursting behaviors have been simultaneously while continuing to search for new
associated with the same X-ray source. threats.

NRL's space engineers and technologists have Finally, scientists in the Laboratory's Electron-
also been busy this year. Included among their ics Science and Technology Division, in collabora-
accomplishments have been the design, construc- tion with other investigators, have made important
tion, and deployment of the Tether Physics and strides in wide bandgap electronics technology with
Survivability (TiPS) satellite. The TiPS was con- the use of silicon-carbide and gallium-nitride
ceived and constructed in order to research the semiconductors. The new semiconductors have
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The software package is being developed as a
stand-alone product and as an integral component
of the LSHalTM system via a recent CRADA.

Similarly, Quantum Magnetics, which licensed
the NRL Explosive and Contraband Detector, has
established a new CRADA to investigate means for
devising and implementing advanced nuclear
quadrupole resonance-based (NQR) detection
methods as well as developing prototype circuits
for testing these concepts. The NRL Explosive and
Contraband Detector uses NQR to detect nitrog-
enous explosives or narcotics carried in luggage,
mail, small cargo, or on a person.

Chief of Naval Research, RADM Paul Gaffney pre- in the ara o a n a ters.

sents the prestigious Navy Unit Commendation Award In the area of advanced materials. Biocom-
to CAPT Bruce Buckley and Dr. Timothy Coffey. patible, LTD of Great Britain has recently licensed

the NRL controlled-release antifouling coatings
technology. Here, microtubules 0.5 prm in diameter

potential applications in high-temperature sensors, and from 10 to 150 pm in length have been
power switching, high-frequency power amplifiers shown to be effective for the controlled release
and transmitters, and radiation-tolerant electronics. of biocides in coatings. During 1996, a CRADA
Wide bandgap semiconductors (as opposed to between NRL and Biocompatible, LTD has also
those of silicon) can operate at temperatures in been put in place to further investigate the use of
excess of 4000 C and perhaps as high as 6000 C. microtubules as a controlled-release biocide-delivery

system and determine the commercial feasibility of
Technology Transfer: During 1996, NRL's such a product.

Technology Transfer Office continued its successful While the majority of the CRADAs are with
efforts at coupling NRL technologies to private industrial firms, several are also with universities
companies by establishing new CRADAs and and nonprofit organizations. Recently, a CRADA
patent-licensing agreements. One illustration of this was established between NRL and the Mid-Atlantic
activity is the patent-licensing agreement between Technology Applications Center (MTAC) with the
NRL and Lake Shore Cryotronics, Inc. (LSCI) objective of transferring technology from NRL to
regarding the commercialization of the Quantitative companies in the mid-Atlantic states region. MTAC
Mobility Spectrum Analysis Algorithm (QMSAA) serves as a focus for technologies and scientific
developed at NRL in collaboration with the Univer- engineering expertise within the Federal laboratory
sity of Western Australia. LSCI and NRL are system, promoting industrial and economic devel-
working to make available to the semiconductor opment in the mid-Atlantic region by assisting
community an analysis software package based private corporations in locating external technol-
on QMSAA, which will significantly enhance the ogy. This CRADA is another example of how
routine characterization of multiple electron/hole NRL-developed technology can be effectively and
densities and mobilities in semiconductors (bulk, efficiently transferred into the private sector for use
thin films, and quantum-well materials and devices), in civilian and commercial applications.

Members of the NRL development team
show the research instrument, the Explosive
and Contraband Detector, which has been
licensed by Quantum Magnetics.
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